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ABSTRACT 

Meteor  counts from the observations of the Harvard-Smithsonian Radio 

Meteor  P ro jec t  at four  magnitudes in the range of about t9 to t15 in the 

visual  sca le  were  used to  determine the exponent of the mass-d is t r ibu t ion  

l aw under  cer ta in  assumptions.  

were  available and since the pat tern of the t ransmi t t ing / rece iv ing  antennas 

is v e r y  broad, the same range and radiant distribution were  assumed fo r  all 

counts within the same half-hour during which individual counts at different 

magni tudes were  obtained. 

Since f o r  these data  no range  m e a s u r e s  

T h e s e  echo counts, covering in  5 successive days 24  hr  with overlapping 

per iods,  yielded fo r  the exponent a ,value of 1. 95 f 0. 02, c lose  t o  o ther  d e t e r -  

minations. Individual values , however, presented a considerable sca t t e r ,  

probably reflecting changes in radiant and mass distribution over  the yea r .  

F r o m  the same data, it appeared that the mass exponent changed during 

the day, yielding general ly  a higher value f o r  the evening hours .  

* 
Present addres s :  Osserva tor io  Astrofisico DiArcetri, F i renze ,  Italy. 
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INTR ODUCTION 

The number of meteoroids  entering the e a r t h ' s  a tmosphere inc reases  as 

the  magnitude increases .  

and l a r g e r  can be expressed  as 

If the number Nm of meteoro ids  having mass m 

then, assuming a l i nea r  dependence between the m a s s  and the e lec t ron  line 

density q produced by a meteoroid,  the distribution of me teo r  t r a i l s  with line 

density q and l a r g e r  will be 

If the number N is known at different l imiting values of q, a de te rmina-  
q 

t ion of the exponent s can be attempted. The exponent s h a s  been computed 

f r o m  meteo r  data at different magnitudes; its value ranges between 2. 5 and 

2 .  2. 

in te rva l  -1 to  t 4 ;  Simek and McIntosh (1968), 2 .  35 between t 5  and t 1 0 ;  

K a i s e r  (1961), 2 . 1 7  between t 8  and t 1 1 ;  and 6 p i k  (1958), -2 .2  between t 2  

and t 5 .  The recent  r e su l t s  of Simek and McIntosh (1969) do not change the 

conclusions of the i r  e a r l i e r  paper .  

Hawkins and Upton (1958) find a value 2. 34 for  s over  a magnitude 
u 

V 

Meteor  counts a t  four different l imiting magnitudes,  f r o m  approximately 

t 9  t o  t15 ,  were recorded during normal  operations of the Harvard-Smithsonian 

Radio Meteor  Project ,  and s was derived f r o m  these  observations.  

ope ra t e s  at a wavelength of 7. 331 m, with a peak power of about 3 MW and 

antenna gains near  2 0  db over an isotopic radiator .  

The r ada r  

The electron line density is known to be dependent on the m e t e o r ' s  

velocity and zenith angle a s  well as on its mass, and the observed velocity 

and radiant  distribution vary  over  the day. In consequence, diurnal  average 
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values of s a r e  m o r e  me  ningful here  th n rali e s  a t  par t icular  times of day. 

It has  not been possible to c o r r e c t  the data  for  observat ional  height l imitations,  

which mus t  have some  effect. 

on heights (Southworth, this volume) will el iminate some  relatively small and 

la rge  line densi t ies ,  respectively.  Nonetheless, s ince we unexpectedly 

observed many la rge  and small line densi t ies  compared with intermediate  

densi t ies ,  diffusion and recombination appear  to be unimportant to an  overa l l  

determinat ion of s. 

The diffusion ceiling and recombination floor 

ECHO COUNTS 

The  observed me teo r  r a t e s  a r e  automatically recorded  by the radar 

equipment, which counts the meteor  echoes received in given intervals  of 

t ime,  down to four different limiting rece iver  sensi t ivi t ies  covering the 

useful dynamic range of the system. 

t9 < M < t15 in the r a d a r  scale.  

The magnitude range is about 

Counts a r e  obtained e v e r y  half-hour,  with each  rece iver  level sampled 

a t  l ea s t  once. 

noise,  a r e  increased  by spurious echoes, even though the equipment was specifi-  

cal ly  designed to keep these events to a minimum. Spurious counts a r e  probably 

recorded  at the highest  level of receiver  sensit ivity as well, owing to a i rplane 

echoes f rom a nearby a i rpor t .  

lys i s  of the data.  

i tored,  a s  well a s  the rece iver  sensit ivit ies at each level.  

Counts f o r  the faintest me teo r s ,  detected down to the rece iver  

Both l imitations mus t  be considered in the ana-  

During the recording, the t ransmi t ted  peak power is mon- 

Observations are usually car r ied  out on 5 consecutive days, each  with 

an average of about 10 h r  of continuous recording. The periods of recording 

a r e  shifted to  cover a full  24 h r  with overlapping observations.  

F r o m  these counts, it is possible t o  der ive a diurnal var ia t ion of r a t e  

The s u m s  of the counts that r ep resen t s  the observations of a whole week. 

of each  half-hour at each  level of sensit ivity are normalized t o  this  observed 

d iurna l - ra te  curve t o  allow for  the fac t  that these data a r e  obtained on 

different days and over  different periods of the day, during which the me teo r  

rates can change considerably. 
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ANALYSIS AND RESULTS 

Rates  a re  d iscussed  h e r e  in  t e r m s  of a convenient p a r a m e t e r  

where P is the limiting r ece ive r  s ens i -  

tivity; both var ied slightly f r o m  t ime to  time. With a m e a n  antenna power 

gain of 110 and a m e a n  s lant  range of 135 km,  the m e a n  limiting electron line 

densi ty  is 

i s  the t r ansmi t t e r  power and P T R 

9 q = 4 . 5 x 1 0  L . 

Denoting by N 

l eas t - squa res  f i t  of log N versus  log L has  been made  on the data  

covering the period October 1968 to November 1969. 

the hourly number of m e t e o r  echoes exceeding a given L, a L 

10 L 10 

A l inear  f i t  was made for each of the 24 weeks of observat ions and f o r  

se lec ted  groups of hours  f r o m  the reconstructed daily r a t e s .  P r o p e r  weights 

w e r e  introduced in  the leas t - squares  solutions to take in  account fa l se  events 

and s ta t i s t ica l  fluctuations in  N 

plotted in  F i g u r e  1 ,  where  the dotted l ine indicates the resu l t s  f r o m  the mean  

ra te  o v e r  24 h r ,  and the solid and the dashed l ines show s f r o m  the mean  

of 4 h r  in  the morning (sh to 8 ) and in the evening (17h to 20 ), respectively.  

The s lope s, der ived f r o m  a fi t  combining all the data ,  is shown in  F i g u r e  2, 

where  the m e a n  N L  o v e r  24 hr  i s  plotted v e r s u s  L. 

d i f fe ren t  mean  r a t e s ,  together  with the i r  e r r o r s ,  a r e  given in  Table  1 .  

The var ia t ion of the slope s with t ime  is L' 

h h 

The values s fo r  the 

The  morning observat ions include a relat ively l a rge  number of r e t rog rade  

o rb i t s ,  and the evening hours ,  of d i rec t  low-eccentr ic i ty  orb i t s ,  while the 

l a rge  counts f r o m  the ecliptic s t r e a m s  of modera te  eccentr ic i ty  a re  included 

only i n  the 24 -h r  averages .  Nonetheless, i n  view of the o ther  d iurna l  v a r i a -  

t ions,  it is difficult to in te rpre t  the apparent  d iurna l  changes in s .  
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A mean  daily var ia t ion of meteor r a t e s ,  plotted in Figure  3,  was deduced 

Simi la r  theore t ica l  curves  f r o m  all the da ta  for  the four  limiting magnitudes.  

were  obtained by E l fo rd  and Hawkins (1964) f r o m  the study of the o rb i t s  of 

sporadic  m e t e o r s  and f r o m  the geometry of the r a d a r  sys tem.  

The curves  of F igure  4, where the m e a n  r a t e  fo r  each  week of observa-  

t ions is plotted ve r sus  the time of the year ,  a r e  in  good agreement  with the 

distribution of sporadic  me teo r s  over the y e a r  as found by Kresgkovs and 

and KresLk (1 955) f r o m  telescopic  observations and by W e i s s  (1 957) f r o m  

radar echoes.  This  accordance among different surveys s e e m s  to  indicate 

tha t  the distribution of sporadic  me teo r s  does not change significantly with 

the y e a r s .  

CONCLUSIONS 

The observed rate of radio me teo r s  depends on many fac tors ,  the moat  

important  being the equipment parameters ,  the ionizing process ,  and the 

radiant  distribution. T o  calculate the mass exponent s f rom the echo counts 

obtained in  Havana, it was necessary  t o  make  some assumptions and a s s ign  

ce r t a in  values t o  unknown constants. 

available f o r  these  counts, the  s a m e  range distribution was a s sumed  at 
each  l imiting magnitude; second, with the antenna pat tern very  broad and 

the  s ide lobes conspicuous, the same radiant distribution was assumed fo r  

a l l  the counts of each  half-hour of recording. 

echoes  exceeding a ce r t a in  minimum e lec t ron  line density is undoubtedly 

different  f rom the observed count because of the  lack of knowledge of range 

and antenna gain for  each  returned echo. 

assumed,  the exponent s can be calculated with some confidence. 

First, s ince no range m e a s u r e s  are 

The t r u e  count of me teo r  

Once these  p a r a m e t e r s  are 

The value found f o r  s i s  1 .95  f 0.02; it i s  lower than the determinat ions 

cited above but close to the values of Ka i se r  (1961) and bpik  (1958). 

the exponent i s  determined over  a different  magnitude range, different values 

of s a r e  obtained, a s  can be seen  in Table 1. 

When 
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The var ia t ions of s with time as seen in Figure  1 (dotted line) a re  

probably due t o  changes in the radiant distribution and the mass distribution. 

Known streams do not contribute substantially t o  the observed rates, since 

they are observed only f o r  short periods of time, if at all. 

unknown showers  might  be responsible f o r  this scatter. 

However, 
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Table 1 .  Exponent s and its e r r o r  fo r  different  m e a n  r a t e s .  

F i r s t - o r d e r  polynomial 

Magnitude interval  Mean ra te  S Standard e r r o r  

\ 24 hours 

\ 24 hours 

I 
\ 24 hours 

t 9  < M < t 1 5  morning hours  

I evening hours  

morning hours  

evening hours  

t 1 1  < M < t 1 5  

morning hours  

evening hour s 

+ 9  < M < t 1 3  

1 . 9 5  

2. 1 4  

2. 26  

2. 1 9  

2. 2 3  

2 . 4 9  

1. 82 

1 .  96 

1. 85  

0. 02 

0. 05 

0.  1 0  

0. 04 

0. 07 

0. 14 

0. 03 

0. 05 

0. 08 
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Figure  1.  Exponent s as a function of the date. 
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L 
N 

Figure  2. Counts NL plotted against L.  Straight line: s f rom l inear  fi t ;  

curved line: second- order polynomial fitted through the data. 
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Figure  4. Mean r a t e s  as a function of t ime of the year .  


